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INTRODUCTION 
Lectin was first discovered by Stillmark in 1888. He 
partially isolated lectin from castor seed which he called 
ricin. The observation of Stillmark on agglutination of 
v£irious kinds of cells of different animals was further 
demonstrated by others (Kobert, 1913; Michaelis and 
Steindoff, 1907; Elfstrand 1898) . Landsteiner started his 
studies on lectins in 1901. He alongwith his coworkers 
discovered several nontoxic lectins in the seeds of plants 
(landsteiner jet al 1907). Besides plant seeds, the lectins 
were also observed in the extract of various parts of 
plants. Bacterial agglutinin was first identified by Fisher, 
(1948). and viral agglutinin was recognized by Hirst (1941;. 
Hemagglutinins were also demonstrated in invertebrate 
animals such as horse shoe crab, american lobster (Noguchi, 
1903) . 
Lectins were earlier called phytagglutinine because 
they were derived from plant source. However, this does not 
cover lectins from Sources such as vertebrate, invertebrate, 
bacteria and fungi. The word "lectin" was first of all 
introduced by Boyd in 1954 (Boyd and Shapleigh, 1954). It is 
derived from the latin word lactus which means to choose, 
to pick or to select. According to Goldstein et. ai (1980), 
lectin is defined as "a multivalent carbohydrate binding 
protein (or glycoprotein) of non-immune origin that 
agglutinate cells or precipitates polysaccharides and 
glycoproteins. 
Function 
The exact function of lectin is not yet known. It is 
found that the plant lectins have specific interaction 
between rhizobium bacteria and legumes (Lis and Sharon, 
1986; Dazzo, 1981; Dazzo and Brill, 1978; Hamblin and Kent, 
19 73) . They are likely involved to protect the plants 
against offensive agents such as fungal, bacterial and viral 
pathogens (Lis and Sharon, 1986; Allen and Newberger, 1973; 
Lotan and Sharon, 1973) . Three distinct types of lectin have 
been identified in animal tissues (Table 1). C type Membrane 
bound (Ca"'"'' dependent) binds asialoglycoproteins and shown 
to agglutinate erythrocytes (in vitro) . In vivo this 
lectin probably mediates the internalization and degradation 
of circulating asialoglycoproteins by receptor mediated 
endocytosis (Ashwell and Harford, 1982) , The mammalian 
hepatic membrane lectin is 3alactose/N-acetylgalactosamine 
specific. They are involved in the clearance of 
glycoproteins with terminal mannose or N-acetylglucosamine 
(Regoeczi et al., 1975). The lectin specific for mannose-
6-phosphate is believed to be involved in the targeting of 
hydrolytic enzymes to lysozomes (Sahagian, 1984). The 
membrane lectins have also found to play a role in the 
exocytosis of endocytosed glycoproteins (Regoeczi et, al., 
1982; Connolly et al., 1982; Tolleshang et al., 1981). 
Soluble lectins, extrinsic to cellular membranes have been 
identified in animal tissues (Teichberg, V.I. et al., 1975). 
Physiological role of soluble binding lectins is yet to be 
investigated. Available data indicate that many soluble 
Table 
Types of animal lectin 
S„No. Lectin Cofactor 
requirement 
Sugar specificity 
& occurence 
3. 
C type 
bound 
C type 
lectin 
S type 
lectin 
membrane 
lectin 
soluble 
soluble 
Ca^^ 
Ca^+ 
Thiol 
group 
gal/NAc gal binding found 
on the mammalian liver 
cells 
Mannose/NAc glucosamine 
binding found in mammalian 
mammalian 
galactose/ lactose binding 
binding found in several 
tissues of vertebrate and 
invertebrate 
lectins are involved in various cellular process based on 
cell-cell interaction such as einbryogenesis, fertilization 
cellular differentiation and development, protection of 
gammetes and zygotes (Drickamer K. 1988, Barondes, S.H. 
1986, Menghi, G. et. al. 1989) . The chicken lactose lectin-I 
and II are developmentally regulated in a number of 
developing tissues. For example CLL-I is the characteristic 
of embryonic muscle but declines in adult while CLL-II is 
relatively more abundant in embryonic kidney than adult one. 
The level of the three rat lung lectins which are soluble 
and galactose specific depends on the development of the 
tissue (Cerra et al 1985,84) . 
Soluble galactose/lactose binding lectins play 
important role in tissue differentiation. (Barondes, S.H. 
(19 84) Murine and human tumors including melanoma 
fibrosarcoma and carcinoma express cell surface soluble S 
galactoside/lactose specific lectin (Sharon & lis, 1989). 
These may be invovled in interactions with tumor cells 
since lectin expression was found to correlate well with the 
metastatic potential of the tumors. 
M-annnalian Soluble Beta-galactoside/lactose binding lectin 
The soluble lectin, for the first time was isolated 
from the electric organ of electric eel (Teichberg et al., 
1975) . Later it was isolated from several mammalian tissues 
(see Table II). 
In general, soluble beta-galactoside/lactose binding 
lectins have been isolated by affinity chromatography on 
asialofetuin or lactosyl-sepharose 4B column. The fresh 
animal tissue is solubilized. The acetone powder prepared 
from animal tissues has been rarely used to extract lectin 
(Roos ^t. aJ:.. , 1985). The lectin is isolatd from crude 
extract of tissue by ammonium sulfate fractionation followed 
by affinity chromatography. The bound protein is eluted 
with lactose. The lectin activity was measured by 
hemagglutination using fresh rabbit erythrocytes treated 
with trypsin (Roos e^ al., 1985; Harrison et, al., 1984; 
Barondes, 1984) . Multiple forms of lectin have been isolated 
from human and rat lung by ion exchange chromatography on 
DEAE cellulose or CM sephadex column chromatography 
(Sparrow et al., 1987; Cerra et al. 1985). 
PhysiCOchemical Properties 
Molecular weight of soluble beta-galactoside/lactose 
binding lectin from mammalian tissues have been determined 
by SDS-PAGE and gel filteration. Molecular weights, Number 
of subunits of some soluble lectins obtained from different 
tissues of human, bovine, rabbit, rat lung, calf heart are 
summarized in Table II. Most of the mammalian soli±)le beta-
galactoside binding lectins listed in Table II, have subunit 
molecular weight very close to 14 KDa. 
Soluble beta-galactoside binding lectins from different 
tissues of rat have also been isolated (Table III) . The 
major rat lectin has subunit molecular weight of 14.5 KDa. 
In liver the other two lectins have molecular weight of 18 
and 29 KDa (Table III) . 
Table-II 
Molecular properties of some mammalian soluble beta- galactoside binding 
lectin 
Source Type of m o l . w t . No.of m o l . w t . 
l e c t i n {Mr)KDa svibunit (Mr)KDa 
Reference 
Bovine heart 
Bovine brain 
Bovine lung 
Cliicken muscle 
Calf heart 
Chicken liver 
Electric eel 
Goat lung 
Human lung 
Human placenta 
Human Heart 
Rat liver 
Rat brain 
Rat lung 
Raijbit heart 
Raijbit lung 
Calf heart 
1 
1 
1 
1 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 
1 
24 
30 
29 
15 
11.8 
15 
33.0 
28.8 
26 
22 
29 
14 
26 
29 
32 
29 
11.4 
9.2 
11.8 
2 
2 
1 
1 
1 
1 
2 
2 
2 
1 
I 
1 
2 
2 
2 
2 
1 
1 
1 
13.o Southan et li., 1987 
15.o Carron et. ai. , 1987 
29.0 Cerra e£al., 1984 
Barondes et al.,1986 
11.8 Harrison et al.,1984 
Barondes et. al. , 1986 
16 Levi et al., 1986 
14.0 Harrison et al.,1984 
14.0 Sparrow et a]_., 1987 
22 -dc-
29 -dc-
14.0 Hirabayashi et. al.,1987 
13 Child & Feizi, 1979 
14.5 Clerch et al., 1988 
16 Carron et al. , 1987 
14.5 Cerra et al., 1985 
11.4 Harrison et al.,1984 
9.2 -de-
ll.8 -do-
Table-Ill 
Molecular properties of rat soluble i3-galactoside binding lectin 
Source Type Total Subunit Structure Total Reference 
of mol.wt. No. of Subunit Concen-
Lectin (kDa) Sxibiinit mol.wt. tration 
(%) 
Immature lung 
-do-
-do-
Immature liver 
-do-
-do-
Immature heart 
-do-
-do-
Immature muscle 
-do-
-do-
Adult lung 
-GO-
-do-
Adult liver 
Adult heart 
Adult Tiuscle 
Adult brain 
Adult uterus 
25 
le 
2S 
25 
le 
25 
25 
le 
25 
25 
16 
25 
25 
IS 
25 
25 
25 
25 
32 
26 
2 
1 
1 
2 
1 
1 
2 
1 
1 
2 
1 
1 
2 
1 
1 
2 
2 
2 
2 
2 
14.5 
18.0 
29.0 
14.5 
18.0 
29.0 
14.5 
18.0 
29.0 
14.5 
18.0 
29.0 
14.5 
18.0 
29.0 
14.5 
14.5 
15.0 
16.0 
14.5 
74 
7 
19 
18 
20 
62 
81 
2 
17 
75 
8 
17 
33 
26 
41 
98 
98 
98 
98 
97 
Cerra et. a, 
1985 
-do-
-do-
-do-
-do-
-do-
-do-
-do-
-do-
-do-
-do-
-do-
Clerch,^ a, 
1988,-Cerra 
et ai,1985. 
-do-
-do-
-do-
-do-
-do-
Caran,et. al 
1987. 
Clerch,et a; 
1987. 
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The major rat lung soluble beta-galactoside binding 
lectin with subunit moleuclar weight (RL 14.5) contains 
two subunit which are linked together by non-covalent 
interactions (Clerch et ad., 1988). 
Amino Acid Composition 
The Amino acid composition of different soluble S-
galactoside/lactose binding lectin isolated from several 
sources have been summarized in Table IV. It can be seen 
that Electrin, human and rat lung lectin contain 1 
tryptophan, while the content of tyrosine and phyenylalanine 
varies. The total number of Glu and Asp acid residues come 
out to be significantly higher than the total number of 
basic amino acid residues (His, Lys, Arg) . For every 19 
amino acid residues in the lectin there is one proline 
residue. Thus it is clear from amino acid composition that 
soluble beta-galactosida/lactose binding lectin will have 
isoelectric point in the acidic pH range. The experimental 
value of isolectic point as determined by isolectric 
focusing is close to 5-3 (Clerch et al., 1988). Amino acid 
sequence of rat soluble S-galactoside binding lectin is 
deduced from analysis of cDNA. The NH2-terminal residue is 
N-acetylated alanine (Clerch et. al., 1988) while COOH-
teinninal residue is glutamic acid. Residues 64 and 65 are 
proximal aspartic acid. The acidic (Glu and Asp.) and basic 
(His, Lys,and Arg) residues appear to be randomly 
distributed along the polypeptide chain. Sequence is 
lacking of internal homology stretch of hydrophobic amino 
Table IV 
Amino acid composition of lactose inhibitable l e c t i n 
Amino 
acids 
Amino acid composition of 
Mouse Rat Lung Human Calf Chicken 
liver lectin lung spleen heart 
lectin lectin lectin 
16000 14500 
Electolectin 
4500 
7.5 
5.0 
15.8 
15.0 
4.2 
15.8 
8.3 
0.8 
5.0 
0.8 
3.3 
5.0 
1.7 
1.7 
3.3 
3.3 
2.5 
0.8 
12000 
15.2 
3.0 
4.9 
8.7 
4.4 
8.2 
9.4 
4.5 
6.6 
0.0 
3.4 
10.2 
1.5 
7.2 
1.5 
5.8 
3.6 
2.9 
13000 
11.1 
5.2 
6.7 
10.8 
5.6 
9.1 
3.9 
2.3 
7.8 
1.4 
3.8 
7.7 
0.8 
7.5 
3.4 
6.6 
3.2 
3.1 
16500 
11.8 
3.5 
6 .8 
14.0 
~ 5 
11.0 
4 .8 
:.o 
5.9 
2.1 
~. C 
5 .4 
2.1 
:.3 
4 .2 
~ .2 
~ .2 
:.7 
Aspartic acid 4.6 
Threonine 10.9 
Serine 
Proline 
Glycine 
Alanine 
Methionine 
Isoleucine 
Leucine 
Lysine 
13.( 
Glutamic acid 8.0 
4.3 
11.9 
13.4 
Cysteine ND 
Valine 4.6 
ND 
9.6 
2.6 
Tyrosine 0.6 
Phenylalanine 1.7 
Histidine 2.8 
6.6 
Arginine 4.2 
Tryptophan ND 
9.5 
5.2 
14.7 
17.2 
4.3 
12.9 
7.8 
0.9 
4.3 
0.9 
2.6 
5.2 
2.6 
1.7 
3.5 
3.5 
2.6 
0.9 
a (e.xpressed as number of residues of amino acids per 
pro te in ) . 
100 residues of 
ND (Not determined) 
10 
acid. Thus lectin seems to lack signal sequence. These 
results suggest that rat lung soluble beta-galactoside 
binding lectin is intracellular and it is not bound to 
memlDrane. cDNA and protein sequence analysis have revealed 
that soluble lectins from various species or organisms are 
structurally related, suggesting that these proteins are 
derived from a common ancestor gene and that they are member 
of a family of nuclear protein like the carbohydrate 
binding protein 35 (CBP 35). 
Secondary Structure: 
Clerch e^ al. , 1988) calculated the secondary 
structure of major rat lung soluble beta-galactoside binding 
lectin using the procedures of Chou and Fasman (1974). Data 
analysis showed that the lectin contained 27% alpha helix, 
22% beta sheet, 28% beta turn and 23% random coil. Cysteine 
residues are not involved in the formation of alpha helix 
and beta turn. 
Seijuence Homology 
Amino acid sequence of rat lung lectin in comparision 
'•."ith those of lectins from chicken skin (Ohyma e£ al., 
1986), bovine heart (Southan et. al., 1987), human lung, and 
human placenta (Hirabayashi et_ aX- , 19871 showed 
considerable sequence homology among these lectins (Clerch 
et al. , 1988) . Human lung lectin showed 81% sequence 
homology with rat lung lectin. 
11 
Carbohydrate binding specificity 
Carbohydrate binding specificity of soluble beta-
galactoside/lactose binding lectin has been studied by 
investigating the effect of spacific sugars on the 
hemagglutinating acativity or on the binding of lectin to 
affinity gel. Available data showed that lactose is more 
potent inhibitor than free galactose (Leffler and Barondes, 
1986; Sparrow et al., 1987; Caron et al. , 1987). The 
crucial hydroxyl group which contribute to its binding by 
lectin include axial -OH at C-4 carbon atom and eguitorial -
OH at C-3 carbon atom of glucose in the lactose. (Leffler 
and Barondes, 1986) . In lactose modification at position C-2 
and C-3 carbon atom of galactose and C-1 and C-6 carbon atom 
of glucose had no effect on its inhibitory potential 
(sparrow et. al., 1987) . In addition, the substitution of 
N-acetyl group at position C-2 carbon atom of glucose in 
lactose contributes to the binding. It is the beta anomeric 
form of galactose which is recognized by the lectin. The 
soluble beta-gaiactosice binding lectin interacts more 
strongly with oligosaccharides which constitute N-linked 
glycoproteins than those of 0-linked glycoproteins. 
Thiol group Requirement 
Rat lung soluble beta-galactoside binding lectin 
require exogenous thiol for its hemagglutinating activity 
(Barondes, 1984). The cysteine residues in rat lung lectin 
(RL-14) have been found to be cys-2, 16, 42, 60, 88 and 130. 
Comparision of serum vertebrate lectins showed that cys-2 
12 
and cys-60 are more conserved than other residues (Clerch et 
al•. 1988) and may have functional role. 
lodoacetamide rapidly reacts with cys-2 and cys-60 
resulting in small increase in lectin activity (whitney et 
al•, 1986). Reaction of lodoacetamide with cys-16 and cys-
80 is slow (Clerch et. aX-, 1988) . During oxidative 
inactivation of rat lung lectin, formation of intradisulfide 
bond is accompanied by major conformational change of the 
lectin. 
Above literature has revealed thai: exact structure 
and function relationship of soluble beta-
galactoside/lactose binding lectin is yet to be 
investigated in detail. For this aim, it is necessary to 
carry out detailed studies on molecular and functional 
properties of soluble lectins. Therefore, we have tried to 
carry out systematic studies on soluble lactose binding 
lectin from goat liver. This dissertation describes the 
isolation, purification and some important physicochemical 
and functional properties of lectin. 
EXPERIMENTAL 
13 
EXPERIMENTAL 
MATERIALS 
Chemicals used for the present study were obtained from 
the sources indicated against their names. Glass distilled 
water was used in all the experiments. 
Chemicals 
Aery1amide 
Ammonium Sulfate 
Ammonium Persulfate 
Bovine Serum Albumin 
Coomassie Brilliant 
blue G-250 
Calcium Chloride 
Cyctochrome C 
DEAE Cellulose 
EDTA 
Fructose 
Glucose 
Galactose/Glycine 
Lactose 
Myoglobin 
Mercaptoethancl 
MN-Methylene bisacryl-
amide 
N.N.N.N-Tetrmethyl 
ethelenediamine 
Source 
Sigma Chemical Co., USA. 
Sisco Research Lab. India 
May and Baker Ltd.,Englann 
Sigma Chemical Co., USA 
Sigma Chemical Co., USA 
Qualigens Fine Chemicals 
India. 
Sigma chemical Co., USA 
Sisco Research Lab.,Indi>i 
BDH, India 
BDH, India 
Qualigens Fine Chemical 
(India) 
Loba Chemie Pvt.Ltd. 
Bombay. 
Hi Media Laboratories Pvt. 
Ltd., Bombay. 
Sigma Chemical Co., USA. 
Sigma Chemical Co., USA 
Sigma Chemical Co., USA 
BDH, India 
14 
Ovalbumin 
Silver Nitrate 
Sodium lauryl Sulfate 
Sepharose 4B 
Sucrose 
Sigma Chemical Co., USA 
Glaxo Laboratories (Indiri 
Ltd., Bombay. 
Qualigens Fine Chemicals 
India. 
Pharmacia Fine Chemical 
(Sweden) 
Qualigens Fine Chemicals 
(India) 
Tris (Hydroxy methyl 
amino methane) 
Sigma Chemical Co., USA. 
All other chemicals/reagents used were of analytical 
grade. 
Healthy albino rabbits, used in the present study were 
purchased from local aninal suppliers. 
Fresh Goat liver in the present study were purchased 
from slaughter house Aligarh. 
15 
METHODS 
Determination of Protein Concentration 
The protein concentration was determined by dye binding 
method (Bradford, 1976) . 
1. Dye Binding Method 
The dye binding method consists of the follov/ing Steps: 
(a) Preparation of .Dye Solution 
One hundred milligram of coomassie brilliant blue G-
250 was dissolved in 50 ml of absolute alcohol by 
shaking till all dye went into the solution. To the 
solution 85% (V/7) orthophosphoric acid were added 
and then the volume was made to 1 litre with 
distilled water. 
(b) Development of Colour 
To 1 ml of the protein solution 5 ml dye solution 
were added and colour intensity was read at 595 nm 
within 5 minutes. 
Plot was drawn between protein (BSA) concentration 
Oug) versus optical density (Fig.l). The linear curve 
obtained was found to fit the equation. 
(O.D) 595j^ j^  =7.26 (mg) + 0.044 
Carbohydrate Estimation 
The procedure described by Dubois et al (1956) was 
followed. Two milliliters of sugar solution containing 10 to 
100 p.g of carbohydrate was pipetted in test tubes and 0.5 ml 
of 80% phenol is added. This was followed by the addition of 
16 
5.0 ml concentrated sulphuric acid, the stream of acid being 
directed against the liquid surface rather than against the 
side of the test tube in order to obtain good mixing. The 
tubes were shaken and placed for 2 0 minutes to cool at roorr, 
temperature. The colour was stable for several hours. The 
absorbance of the characteristic yellow orange colour was 
measured at 490 nm for quantitation of hexose content. 
Blank was prepared by substituting distilled water for 
sugar solution and the amount of sugar measured using 
glucose as standard. The optical density recorded at 490 nrr, 
was plotted as a function of carbohydrate concentration m 
milligrams. The linear curve shown in Fig. 2 was obtained by 
the method of least squares and was found to fit the 
equation. 
(O.D) 490^ j^  = 9.725 (mg; , + 0.0127 
SDS Polyacrylamide Gel Electrophoresis (SDS-PAGE) 
Tris-giycine system of Laemmli (1970) was used for 
SDS-PAGE. Routinely a 12.5 and 15% gel of acrylamide was 
used. Stock solution cf 30% acrylamide containing 0.3% 
bisacrylamide. 1.5 M Tris (pH 8.8 and 6.8) and 10% SDS were 
prepared. Samples were prepared to give a final 
concentration of 1% (W/v" SDS, 0.5% .V/V) S-mercaptoethanol, 
0.25 M Tris HCl pH 6.8, 10% (V/V) glycerol and a trace of 
the tracking dye bromophenol blue. Samples were then heated 
in a boiling water bath for about 3 minutes. The electrode 
buffer contained 0.025 M Tris, 0.2 M glycin and 0.2% SDS (pH 
8.3). The protein bands were detected on the gel by silver 
Fig. 1: 
Calibration cuirve for the estimation of protein by 
the method of dye binding (Bradford, 1976) using 
BSA as standard. 
17 
E 
c 
in 
c 
a 
O 
M 
< 
Protein concentration in ( j i g ) 
Fig. 2: 
Calibration cuirje for the estimation of neutral 
hexose by the method of Dubois et al., (1956) 
using glucose as standard. 
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staining as described below. 
Method of Silver Staining 
Silver nitrate staining procedure consists of following 
steps: 
Step - 1: Fixation of Gel. 
40% methanol and 10% Acetic Acid solution were mixed 
and poured in a petriplate containing the 
electrophoretic gel with constant and gentle shaking 
for 60 minutes. 
Step-2: 
After 60 minutes the gel was washed twice with solution 
having 10% methanol and 5% acetic acid at an interval 
of 15 minutes. 
The gel was placed in solution of 250 ml of potassium 
dichromate (3.4 mM) 53 microlitres containing of nitric 
acid for 15 minutes. It was shaken continuously and 
after discarding the solution the gel was briefly 
rinsed with distilled water. 
Step-3: 
A stock of 12 mM silver nitrate solution was made in 
distilled water (204 mg/10 ml) . 5ml of this solution was 
taken and diluted to 10 times. It was poured into the 
petriplate containing the gel and shak-en continously 
for 20 minutes. 
The solution was discarded and the gel was briefly 
rinsed with distilled water. 
Step - 4: 
Developer was prepared by dissolving 3g sodium 
20 
carbonate in 100 ml distilled water containing 50 
microlitre of formaldehyde. 50% of this solution was 
poured into the petriplate containing gel . It was 
shaken vigorously for 30 seconds. The developer was 
thrown and again rest 50% developer solution was poured 
and shaken for 5 to 10 minutes till protein bands 
appeared. 
Step - 5 -. 
When bands appeared the reaction was stopped by adding 
3% acetic acid for 5 minutes. 
Step - 6 : 
Gel was washed with distilled water(5 minutes interval) 
and stored in distilled water. 
Cell Suspensions 
Erythrocyte suspensions were obtained from blood of 
rsibbit, goat and human by the method of Hoebeke et al. 
(1978). Two millilitres blood taken in 2.7% EDTA solution in 
1:9 ratio (1 ml EDTA and 9 ml blood) was washed three times 
in normal saline by centrifugation at 800 RPM for 5 minutes. 
A test tubel mg of trypsin was dissolved in 2 millilitre of 
normal saline. The dissolved trypsin was added to 0.5 ml 
erythrocyte suspension. It was shaken and kept at 37°C for 
15 minutes. After incubation rbc's were washed 5 times with 
no;rmal saline. 0.5 ml red blood cells were dissolved in 2 ml 
no:nnal saline. 
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Hemagglutinating assay 
Hemaggalutinating ac t iv i ty of the l e c t i n was measured 
vising t r y p s i n i s e d r abb i t e r y t h r o c y t e s . To check 
hemagga lu t ina t ing a c t i v i t y 0.1 ml p r o t e i n so lu t ion 
containing 10-30 jug protein was taken on a glass s l i de . To 
o 
this was added 0.1 ml of trypsinised erthyrocytes (1 x 10 
cells) and the time of onset of agglutination was checked 
and recorded. 
Regeneration of DEAE cellulose 
15 gram DEAE cellulose was swelled in distilled water. 
Discarding water, DEAE cellulose was suspended in 500 volume 
of 0.1 N HCl for one hour washed on a Buchner funnel. The 
washing was continued till the pH of the filtrate was 
approximately neutral. DEAE cellulose resin was then treated 
with 500 ml of 0.1 N Sodium Hydroxide for one hour and then 
waishing continued till the pH of the filtrate approached 
neutrality. The DEAE-cellulose resin was suspended in 10 mM 
tris HCl buffer pH 7.4 containing 5 mM calcium chloride and 
10 mM 2-mercapteothanol. 
Preparation of Affinity gel 
The affinity media was prepared with sepharose 4B gel 
and D(+) lactose according to Porath, J; et al (1975), Laas, 
T and Janson, J.C. (1975 , J.Chromatogr., 103, 49. 
50 ml packed sepharose 4B gel was washed extensively 
with distilled water and suspended in 50 ml 0.5 M sodium 
carbonate buffer solution pH 11.0. The solution divinyl 
22 
sulfone (5 ml) was added Co slurry with gentle shaking and 
incubated for 70 minues at room temperature with continuous 
stirring. After incubation, gel was extensively washed with 
distilled water and immediately added 50 ml of a 20% (W/V) 
solution of D(+) lactose in 0.5 M carbonate buffer of pH 10 
and coupling reaction was allowed to take place overnight at 
room temperature. The resulting product was extensively 
washed with distilled water and then suspended in 0.5M 
bicarbonate buffer of pH 8.5. One ml of 2-mercaptoethanol 
was added to 50 ml of suspension. After 2 hour the product 
was again recovered and washed carefully with disiilled 
water. 
(A) Isolation of lactose binding lectin from goat liver 
(1) Preparation of acetone powder 
One hundred gram of frozen liver was minced and 
homogenized in 10 mM tris HCl buffer pH 7,4, 
containing 0.15 M NaCl, 5mM CaCl2 and 10 xvM 
2-mercaptoethanol. 
The protein contents of homogenate were 
precipitated with 10 volumes of chilled acetone 
according to Hudgin et al. (1974) filtered on 
buchner funnel and dried in air. After drying the 
acetone powder was stored at 4°C. 
(2) Solubilization of acetone powder and affinity 
chromatography 
Acetone powder was suspended in 10 tnM tris HCl 
buffer pH 7.4 containing 0.4 M NaCl, 5 mM CaCl2 
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and 10 mM 2 - m e r c a p t o e t h a n o l ( o p e r a t i n g b u f f e r ) . 
The r e s u l t i n g s u s p e n s i o n was s t i r r e d on a m a g n e t i c 
s i t r r e r f o r 3 0 m i n u t e s . Then t h e s u s p e n s i o n was 
c e n t r i f u s e d a t 10 ,000 rpm a t 4°C f o r 25 m i n u t e s 
and t h e n s u p e r n a t a n t h a v i n g h e m a g g l u t i n a t i n g 
a c t i v i t y was s t o r e d a t 4°C. 
The e x t r a c r of a c e t o n e p o w d e r i n o p e r a t i n g 
b u f f e r was f u r t h e r p u r i f i e d by a f f i n i t y 
c h r o m a t o g r a p h y on l a c t o s y l s e p h a r o s e 4B co lumn 
(2.7 X 8 cm) e q u i l i b r a t e d w i th t h e same b u f f e r . 
The p r o t e i n s o l u t i o n was l oaded on a f f i n i t y column 
wi th a f low r a r e of 10 ml p e r h c u r . The column was 
washed w i t h s e v e r a l b e d v o l u m e s of o p e r a t i n g 
b u f f e r . L a s t f r a c t i o n s of t h e wash ing was checked 
f o r p r o t e i n c o n t e n t w h i c h showed 97% 
t r a n s m i t t a n c e , i n d i c a t i n g absence of p r o t e i n s . The 
bound p r o t e i r . was e l u t e d wizh 0 . 2 M l a c t o s e 
s o l u t i o n i n o p e r a t i n g b u f f e r . The a f f i n i t y 
p u r i f i e d l e c t i n was d i a l y z e d a g a i n s t o p e r a t i n g 
b u f f e r . The h e m a g g l u t i n a t i n g a c t i v i t y was 
d e t e r m i n e d w i t z t r y p s i n i s e d r a b b i t e r y t h r o c y t e s . 
(B) I s o l a t i o n of l e c t i n by DEAE-cel lu lcse Chromatography 
fo l lowed by a f f i n i t y chromatography 
This method c o n s i s t s of f o l l o w i n g s t e p s : 
(1) Preparat ion of l i v e r homogenate: 
One hundred gram of f r e s h l i ^ ' ^ r was f r o z e n i n 
f r i d g e , minced and t h e f a t s , v e i n s and t i s s u e 
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memtirane were removed. The minced liver (90 g) was 
homogenized in 10 mM tris HCl buffer pH 7.4 
containing 5 mM CaCl2 and 10 mM 2-mercaptoethanol. 
Liver homogenate was centrifuged at 10,000 rpm for 
30 minutes at 4°C. Supernatant having 
agglutinating activity was collected and pellet 
was discarded. 
(2) Ion Exchange Chromatography 
Two hundred millilitre of homogenate 
obtained above was incubated with 15 0 ml of packed 
regenerated DEAE-cellulose resin suspended in same 
buffer. The incubation was done at 4°C for 2 hours 
with contunous stirring. Slurry suspension was 
washed with several volumes of buffer, until all 
the unbound protein washed out. The bound protein 
was eluted using 0.5 M NaCl in the same buffer. 
(3) Affinity Chromatography 
The lectin was further purified by affinity 
chromatography on lactosyl sepharose 4B column (2.7 x 8 cm) 
equilibrated with operating buffer (10 mM nris HCl, pH 7.4, 
containing 0.15 M NaCl, 5 mM CaCl2, 10 mM 2-
mercaptoethanol). 100 ml of lectin solution obtained from 
DEAE cellulose chromatography was applied onto lactosyl 
sepharose 4B column equilibrated with operating buffer with 
a flow rate of 10 ml per hour. The affinity gel was washed 
with several volumes of operating buffer to remove unbound 
proteins. The boimd protein was eluted using 0.2 M lactose 
in the operating buffer. 
RESULTS AND DISCUSSION 
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RESULTS AND DISCUSSION 
(A) Isolation of solxible lactose binding lectin from goat liver 
The isolation of goat hepatic soluble lactose binding 
lectin has been carried out by two methods. 
1. Extraction of lectin from acetone powder followed 
by affinity chromatography. 
2. Partial purification of lectin by Ion-exchange 
chromatography followed by affinity chromatography. 
Extraction of lectin form acetone powder and 
purification by affinity chromatography-
Acetone pov/der of fresh minced frozen goat liver was 
prepared as described in experimental section. About 31 
g of acetor.e powder was obtained from 100 g of liver. 
It was solubilized in 10 mM Tris HCl buffer pH 7.4 
containing 0.4 M XaCl , 5 mM CaCl2 and 10 mM 2-
mercaptoetrianol, .operating buffer) . About 1 g of 
protein was solubilized (Table V). It should be noted 
that the variation in the amount of protein solubilized 
from acetone powder in operating buffer in different 
experiments (3 batches) was within 15% . The lectin 
extraction from acecone powder was further purified by 
affinity chromatography on lactosyl sepharose 4B column 
(2.7 X 8 en) equilibrated with the same buffer. The 
bound protein was eluted with 0.2 M lactose in the same 
buffer in single peak as shown in Fig. 3. The 
concentration of affinity purified lectin was found to 
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Table-V 
Isolation of soluble lactose binding lectin from goat liver acetone 
powder by affinity chromatography. 
S.No. Treatment Protein Concentration Hemaggluti- %age 
nating yield 
mg/ml total content activity 
1. Minced goat liver 
(lOOg) 
2. Liver homogenate 
in operating buffer 
(111ml) containing 
0.15M NaCl 
39.5 4.3 9g ICO 
3. Acetone powder 31g. 
Solubilization 
of acetone powder 
(31g in 100 ml 
of operating buffer ) 
18.13 1.183g 41.29 
Affinity 
chromatography en 
lactosyl sepharcse 
4B column (2.7xerm) 
11 jag/ml 110 ^ig C.0025 
:perating buffer lOmM Tris HCl, pH 7.4, containing 0.4 M 
NaCl, 5 mM CaCl.,, 10 mM 2 Mercaptcethanol. 
Fig. 3: 
Elution profile of soluble lactose binding lectin 
extracted from goat liver acetone powder by 
affinity chromatography. About 1 gm of protein in 
100 ml of 10 mM Tris HCl buffer pH 7.4 containing 
BmM Cacl2, 10 mM SME and 0.15 M NaCl (operating 
buffer) was applied on lactosyl sepharose 4B 
column equilibrated with same buffer and the bound 
lectin was eluted specifically using 0.2 M lactose 
in operating buffer. 5 ml fractions were collected 
at a flow rate of 10 ml/hour. The fractions were 
monitored by dye binding method. 
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be 110 yug which constituted 0.003% of the total protein 
(Table V) . It should be noted that the yield obtained 
in this method was found to besubstantially low as 
compared to that reported earlier (0.5 - 1.5 mg) for 
soluble beta-galactoside/ lactose binding lectin 
isolated from different tissues of rabbit and bovine 
(Carron et al. 1987 and Cerra et al., 1984) 
2. Partial purification of lectin by Ion exchange 
chromatography followed by affinity chromatography -
The homogenate of fresh minced frozen goat liver was 
prepared in 10 mM Tris - HCl buffer pH 7.4 containing 5 
mM CaCl2 and 10 mM 2 - mercaptoethanol . The results 
are summarized in Table VI. About 4 g of proteins were 
estimated in homogenate of 100 g goat liver. It was 
incubated with regenerated DEAE cellulose resin (150 
ml) in a beaker with continuous stirring for one hour 
at 4°C. After washing resin with 600 ml of buffer the 
bound protein was eluted using sodium chloride of 0.5 M 
concentration in the same buffer. About 0.2 9 of 
partially purified lectin was obtained (Table VE) . The 
lectin preparation thus obtained was further purified 
by affinity chromatography on lactosyl sepharose 4B 
column (2.7 x 8 cm) equilibrated with operating buffer. 
The bound protein was eluted specifically with 0.2 M 
lactose in operating buffer . The results are shown in 
Fig. 4 and Table VI . About 0.4 mg of purified lectin 
was obtained which constituted about 0.01% of the total 
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Table-VI 
Isolation of goat soluble lactose binding lectin from liver by ion 
exchange chromatography followed by affinity chromatography 
S.No. Treatment Protein Concentration Hemaggluti- %age 
nating yield 
mg/ml total content activity 
1. Minced goat liver - - - -
(lOOg) 
2. Liver homogenate 34.32 3.80g + 100 
m operating buffer* 
(111ml) having no 
NaCl 
3. Ion Exchange Chromato- 1.02 0.2056g + 5.41 
graphy on DEAE cellu-
lose (200 ml) 
4. Affinity chromatography 0.0376 0.376mg + 0.01 
on lactosyl sep.narose 
43 column (2.7 x 8 cm) 
equilibrated with 
operating buffer contai-
ning 0.15M NaCl 
*. Operating buffer (lOmM Tris HCl, pH 7.4, containing 5 mM 
CaCl2, 10 mM 2 mercaptoethanol but no NaCl) . 
Fig. 4: 
Elution profile of soluble lactose binding lectin 
from goat liver after affinity chromatography. 
About 200 mg of lectin in 200 ml operating buffer 
obtained ion exchange chromatography was applied 
on lactosyl sepharose 4B column (2.7 x 8 cm) 
equilibrated with same buffer. The bound lectin 
was eluted specifically using 0.2 M lactose in the 
same buffer. 10 ml fractions were collected at 
flow rate of 10 ml/hour. The fractions were 
monitered by dye binding method. 
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protein content. In this method the final yield of goat 
hepatic soluble lectin was found to be substantially 
higher than that obtained in the method described 
above. The purified lectin was dialyzed against the 
operating buffer to remove lactose and hemagglutinating 
activity was checked. The lectin preparation had 
positive heamagglutinating activity. 
Determination of purity 
The lectin preparation thus obtained was checked for 
purity by polyacrylamide gel electrophoresis in 0.025 M 
Tris and 0.192 M glycine buffer pH 8.2 on 12.5% cross 
linked gel. As shown in Fig. 5, lectin moved as major 
protein band in gel. These results suggest that lectin 
preparation is homogeneous with respect to charge. The 
fact that single protein peak was obtained by specific 
elution with 0.2 M lactose suggests that the lectin is 
homogeneous with respect to Carbohydrate binding 
property. 
Physico-chemical properties of Soluble lactose binding 
lectin 
1. Determination of molecular weight :-
The molecular weight of goat hepatic soluble lactose 
binding lectin was determined by polyacrylamide slab 
gel electrophoresis in 0.025 M tris - 0.192 M glycine 
buffer pH 8.2 in the presence of 0.1% sodium dodecyl 
sulphate according to the method of Laeram li (1970) . 
Fig. 5: 
Electrophoretogram of soluble goat hepatic lactose 
binding lectin. 15 /ag of lectin were 
electrophorassed in 25 mM Tris - 190 mM glycine 
buffer pH 8.3 in 12.5% polyacrylamide gel for 
three hours with anodic current of 50 volts. The 
gel was stained with silver nitrate solutions. 
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The marker proteins were electro-phoressed under 
identical conditions. Their relative mobilities with 
respect to mobility of dye (coomassie brillient blue R-
250) were measured. The results are shown in Table VII 
and Fig. 6. The data obtained with marker proteins were 
analyzed by the method of least squares and a plot 
between log M and relative mobility (Rm) was drawn 
(Fig 6). The linear curve obtained fits the equation. 
log M = - 0.90 (Rm) +5.0 
The electrophoretogram of lectin has been shown in Fig 
7. It can be seen that the preparation of lectin moved 
as single major protein band in 15% gel in the presence 
and absence of 0. 2 M 2-mercaptoethanol, suggesting no 
inter-disuifide crosslink (s) . The molecular weight 
(Mr) of the soluble Beta-galactose/lactose binding 
lectin from different species has found in the range 
14-16 KDa (Sparrow et, al. 1987, Hirabayashi e£ al. , 
1972; Southan et al.,1987 and Carron et al. 1982). 
However, goat hepatic soluble lactose binding lectin 
possesses (Mr) of 17.7 KDa^  which is higher than that 
of soluble lectin isolated earlier from other sources. 
2. Determination of Carbohydrate Content: 
Soluble goat hepatic lactose binding lectin was also 
analyzed for their neutral hexose content by the method 
of Dubois et al (1956) . Strikingly lectin was found 
to be glycoprotein having about 25% neutral hexose 
content, it should be noted that so far only one 
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Table-VII 
Molecular weight and Relative Mobility for Marker Proteins 
used in Sodiiim dodecyl sulphate polyacrylamide gel 
electrophoresis 
Protein Mol. Weight LogM Relative 
mobility 
(Rm) 
Bovine Serum 69,000 4.83884 0.23 
albumin 
Ovalbumin 45,000 4.69897 0.38 
Chymotryp- 25,700 4.40193 0.67 
sinogen 
Myoglobin 16,700 4.22271 0.89 
Lectin - - 0.85 
Fig. 6: 
Plot of relative mobility versus log M for Marker 
Proteins. The marker proteins were (1) BSA (69 
KDa) (2) Ovalbumin (45 KDa) (3) Chymotrypsinogen 
25.7 KDa (4) Myoglobin 16,700 Da. 
The straight line obtained by the method of least 
square and fits the equation 
log M = - 0.90 Rm+ 5.02 
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soluble galactose binding lectin from electric eel has 
been found to be glycoprotein (5%). However the 
reported value of carbohydrate content for electric eel 
is substantially lower. ( Levi and Teichberg, 19 81) . 
3. Carbohydrate binding specificity: 
The carbohydrate binding specificity of the lectin was 
studied in 10 mM Tris - HCl buffer pH 7.4 containing 
0.15 M NaCl, 5 mM CaCl2 and 10 mM 2-mercapcoethanol by 
hemagglutination inhibition assay in the presence and 
absence of sugars. About 40 lag of lectin in O.l ml of 
operating buffer was applied on slide and to it added 
0.1 ml of trypsinised rabbit erythrocyte suspension ( 8 
X 10 cells /ml) . The time of onset of agglutination 
was studied. The results are summarized ir. Table VIII. 
It can be seen that lactose and galactose inhibited 
the hemagglutinating activity of lectin. Ecwever, other 
monosaccharides, glucose, mannose, fr-jctose and 
disaccharides, sucrose and cellibiose had no inhibitory 
effect. These results taken together suggest that goat 
hepatic soluble lactose binding lectin is specific for 
galactose/lactose. Further experiments were performed 
to ckeck inhibitory potential of galactose and 
lactose. Lactose inhibited lectin activity at a 
concentration of 25 jLi mol which was substantially lower 
than that of galactose-raSTsiAOljfe^than 250 ju mol) . 
These data suggest/t,hat lectin p?^%rentially binds 
;=: 
lactose than galait^ <ose. Thus goatf hepatic soluble 
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Table-VIII 
Effect of Sugars on Carbohydrate binding activity of goat 
hepatic soliible lactose binding lectin 
S. No. 
1. 
2 . 
3. 
4. 
5. 
6. 
7. 
8. 
Sugars 
25inM in 
operating 
buffer^ 
Control(-) 
Lactose 
Galactose 
Glucose 
Mannose 
Fructose 
Sucrose 
Cellibiose 
Hemagglutina 
activity 
-ve 
-ve 
-ve 
+ve 
+ve 
+ve 
+ve 
+ve 
ting Time of onset 
of agglutina-
tion. 
-
-
-
30 Sec 
45 Sec 
40 Sec 
50 Sec 
45 Sec 
* Operating buffer : 10 mM Tris HCl buffer pH 7.4 containing 
5 mM CaCl2, 10 mM 2 Mercaptoethanol and 0.15 M Sodium 
chloride. 
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lectin was found to be specific for lactose/galactose 
like other soluble lectins. 
Above data have shown that soluble goat hepatic 
lactose binding lectin is different in its 
physicochemical properties ( Mol. wt. 17.7 KDa and 
neutral hexose content 25%) from those reported so far. 
Further studies to delineate its structure and function 
are yet to be carried out in detail. 
SUMMARY 
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SUMMARY 
C 
Soluble S-galatoside /lactose binding lectin have been 
isolated from different tissues of several species. However 
the exact physiological function of these lectins is not yet 
known. Available data indicate that soluble S-
galactoside/lactose binding lectin are involved in various 
cellular processes based on cell- cell interactions such as 
embiryogensis, fertilization, cellular differentiation and 
development and protection of gametes and zygotes. 
To understand the exact structure and function 
relationship of soluble S-galactose/lactose binding lectin 
it is necessary to carry out detailed studies on molecular 
and functional properties. 
Therefore we have tried to carry out systematic studies 
on soluble lectin. In the present study we have isolated 
soluble lactose binding lectin from goat liver by two 
methods (a) extraction of lectin from goat liver acetone 
powder followed by affinity chromatography and (b) partial 
purification of lectin by ion exchange chromatography 
followed by affinity chromatography. 
In the first method acetone powder was prepared by 
precipitating the protein of liver homogenate by acetone. 
About 31 gram of acetone powder obtained from 90 gram minced 
frozen goat liver. The acetone powder was suspended in 10 mM 
Tris Hcl buffer pH 7.4 containing 0.4 M Naci, 5 mM CaCl2 and 
10 mM beta mercaptoethanol. The lectin solution thus 
obtained was applied on lactosyl sepharose 4B column (2.7 x 
41 
8 cm) equilibrated with the same buffer. The bound protein 
was specifically eluted with 0.2 M lactose. About 110 ug of 
lectin was obtained which constituted 0.0035% of total 
protein content. In the second method liver homogenate was 
applied on ion exchange resin. The bound protein was eluted 
with 0.5 M Nacl in 10 mM Tris Hcl buffer pH 7.4 containing 5 
mM CaCl2and 10 mM SME. 
The lectin thus obtained was further purified by 
affinity chromatography. About 0.4 mg of purified lectin was 
obtained. The yield obtained by second method (b) was 
substantially higher than method (a) . For further studies 
the lectin was isolated by following second method. 
The purity of lectin preparation was checked by PAGE in 
0.025 M Tris - 0.192 M glycine pH 8.3. The protein moved as 
single major protein band suggesting homogeneous with 
respect to size. Molecular weight determined by SDS-PAGE was 
found to be 17.7 KDa. The neutral hexose content determined 
by Dubois e£ ai, was found to 25% . Further the carbohydrate 
binding specificity was determined by hemagglutination 
inhibition assay in the presence and absence of sugar. The 
data showed lectin is galactose/lactose specific like other 
soluble lectins reported so far. 
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